No optical transients are found in a control region which is 34.3 times larger than the GRB error regions examined. Independent limits on the optical flash rate from the sky yield a probability of less than 10-4 that anyone of the optical transients is due to a background flash. A total exposure of 2.7 years has been examined for GRB flashes at known GRB locations on the Harvard plates and a total of three GRB flashes have now been seen which implies that the average recurrence time scale for optical flashes is roughly one year. The optical fluence of these optical flashes has been measured.
For the three currently known GRB optical flashes, the ratio of gamma-ray fluence (from a moderr burst) to the optical fluence (from a archival burst) were measured to be 800, 900, and 900. The sum of the exposure for all plates examined in the first Harvard plate search was 0.5 :rears. Three GRB regions were examined and one bursting counterpart wS.s identified. This suggests that GRBs have a short recurrence time and that an extension of the search to additional GRB error regions could uncover more GRB optical flashes. This extended search has now been made possible by the localization of seven GRBs (Cline et ale 1983 and Barat et. al. 1983 ). These regions have been examined on the Harvard plates with a total cumUlative exposure of 2.7 years. This paper reports the identification of two more optical transients probably associated with gamma-ray bursters (for a total of three known transients).
II 1901 OPTICAL TRANSIENT
On one of the plates which show the 5 Nov 1979 GRB field (Cline et ale 1983) a "new" 13.7 magnitude star appears in the gamma-ray error box (see Figure I ). The platn is B28642, an eleven minute blue exposure reaching to 14~2 taken on 4 Oct 1901. This "new" star was not seen on several plates from m the same night which had a limiting magnitude of only 12. Plates exposed both a month before and after the "new" star show that at those times it was no't brighter than 16 m • No othdr "tl~wtl star at this or any other location near the 5 Nov 1979 GBB i'ield was found on any other Harvard plate.
All normal star images on plate B28642 are trailed by 8". The image of the 1901 optical tran~ient is circular (the FWHM is 63 ~ ± 5 ~ in both right ascension and declination). The FWHM of normal star iwages is 90 ~ ± 5 ~ and 61 I-UIl ± 5 ~ in right ascension and declination respectively. The lack of trailing implies that the flash's duration was less than a few minutes. 1be transient's image is located too close to the telescope's optical l\xis for any appreciable asynune'try due to coma to be present. For the three observed cases of optical flashes from GRBs, the ratios Ey/Eopt were found to be 800, 900, and 900 (while Ey varies by a factor of 2~). Grindlay, Wright, and McCrosky (1974) found that Ey/Eopt(V band) was greater than 800 for two GRBs. With only a s~ll number of observed ratios, it is possible that the small scatter is coincidence. Indeed, the scatter in the observations is smaller tha.n the estimated error 'hars for a single obijervation (±200). Also there are many potential sources of systematic el·rors. For example, the Ey measurements from ~azets et ale (1981) are suspected to contain systematic errors (Laros et ale 1982) . Despite these reservations, a tente .. ti ve conclusion that the observed ratio E (burst y l)/Eopt(burst 2) is roughly constant seems reasonable.
If the-(jbserved ratio should prove to be a constant, then that :tmplies that (1) ~y/EoPt is constant from GRB to ORB and frOIn burst to burst, and (2) Ey is a constant from burst to burst for a given GRB. The first condition is violated if the ra.,diation pattern of gaIIlIIi8.-ray or optical radiation is non-spherical or time varying. This could be used as an argument against the source of the optical flash being the ~eprocessing of gamma radiation on a companion s+.ru· or ac~retion disc. The first condition would be satisfied if the geometry of the system is spherically sy~etric (eg. if the radiation is emitted from the whole surfaCE' of the neutron star or from some surrounding cloud) or if both the gamma and optical radiation are emitted from a region near the neutron star's axis of rotation. (Woosley 1982) could provide a simple explanation of why Ey is constant because the flash will occur only when some critical amount of matter has accumulated so that a fixed amount of energy will be available.
With the finding of three GRB optical flashes in 2.7 years of observation, the average recurrence time scale fox' optical flashes must be approximately one year.
It is currently unclear whether this optical recurrence time scale is consistent with the gamma-ray recurrence time scale. Two GRBs have been observed to recur in gamlll8. radiation on a time scale of months (Mazets, Golenetskii, and Gur'yan 1979 and Golenetskii et ale 1983) with several more possible cases of recurrence in the Konus data of Mazets et ale (1981) . One of t.hese is the 'a.nomalous 5 March 1979 event, which is thought by some to not be a. "classical" ,)RB because of its !IlB.ny exceptional properties. We might expect more cases of recurrence in the decade of GRB observations if the Ey for a given burster is roughly constant (as suggested above). Unfortunately, the fraction of observed GRBs with measured positions is low, especially for the Vela data. The Vela positional data are highly inhomogen.ous due to their requirement of other satellite da~ for an accurate position to be measured (which is neccesary to establish a case for recurrence). We have calculated a simple Monte Carlo model for this data set which shows it to be not inconsistent with a recu~rence time scale of one year. The Konus data (Mazets et 0.1. 1981) can not be readily used to check for the consistency of the observed recurrence time scale with a narrow luminosity function, because the observations have a duration comparable to the GRB recurrence time scale .. 8-and the positional data only covers half the sky at a giver, moment (Mazets and Golenetakii 1982) .
Should the two recurr~nce time scales prove to be different, a pooaible reason may be that Ey varies from burst to burst (in contradiction to the suggestion above). In this case, the satellites would only detect and position the rare bright bursts. The faint bursts, if detected, would not be positioned and so no recurrence will be reported. Another possibili1iY
(suggested by W. Lewin) is that two separate classes of outbursto occur on GRBs; a rare outburst which is bright in gamma radiation and a common outburst which is bright in optical light.
Many proposed GRB models do not admit the possibility nf recurrence (Baan 1982 , Teller and Johnson 1980 , Brecher 1982 , Zwicky 1974 , Grindlay and Fazio 1974 . Of course, any of these mechanisms may account for some subset of
The thermonuclear flash model (where the matter is accreted from the interstellar medium) has difficulty in attaining a suff:!.ciently high accretion rate to account for the short recurrence time scale. For typical densities of the interstellar medium and for Woosley's (1982) ~stimate of the total mass required for ignition, the velocity of the GRB with respect to the accreting gas must be less than ..... 2 lan/sec. However, if the GRB is a lone neutron star, then we might expect it to have a similar space velocity as the pulsar 6 around a neutron star, then the pred~.cted recurrence time scale is 10 times longer than observed. This is even after an enlarged capture radius (due to the drag of Alfven wave emission) and a Jupiter-like perturber are invoked.
Another difficulty is that if the neutron star was formed by a supernova eruption, then the velocity kick on both neutron star and astervid and the destruction of asteroids by the explosion will severely deplete the surviving asteroid population (Van Buren 1981 , Colgate and Petschek 1981 , and Hills 1983 . A final difficulty ari;$es whenever a companion around the neutron star is invoked as a means of perturbing some population of asteroids. Any perturber which can Send asteroids towards the neutron s'car will also scatter (typically by ejection from the system) the parent population in a short time scale. For example, a Jupiter mass companion would deplete the populat.ion of perturbable asteroids on a t:!.me scale of 10 4 yeal'S (0. Wetherill 1983, private communication). After this short period of scattering, the perturber will no longer be effective at increasing the asteroid collision rate. ~he thermonuclear flash model (where matter is accreted from a companion star) predicts that the recurrence time scale could be from months to centuries (Woosley 1982) . (7) Profile is shallower (7) .. 12.. 
